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OVERVIEW i, 
MODULE VI 

PARALLEL CIRCUITS 

In thts module you wt It learn the rules that govern the charactertstics 
of parallel ctrcutts; the relationships between voltage^ current^ resist 

r 

ance> and power; and the results of comiron troubles In parallel circuits 

For you to more easily learn the above^ this nodute has beeij (^vlded 
Into the foUowIng four lessons: ^ 

Lesson I* Rules for Voitage and Current * * * ^* * * * 

Lesson II. Rules for Resistance and Power 

Lessoiv 111* Variational Analysis ^< . . 

Lesson IV* Troubteshooting Parallel Circuits 



TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I. 
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Overview* 
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OVERVIEW 
LESSON 



Rules for Voltage and Current 



In this lesson you wilt study and learn ^bout the following: 



^how Ohm's Law is applied to 
parallel circuits 
-voltage 
-current 

-*practical solutions 



Each of the abov? topics will be discussed Irt the order listed. As 
vyou proceed through this lesson, observe and follow directions carefully. 

) ^ 



BEFORE VOU START THIS LESSON » PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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Study Resources 



LIST OF STUDY RESOURCES 
LESSON I 

Rules for Voltage and Current 
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To learn the material tn this Iesson» you have the option of choosing^ 
accord' ^'o your experience and prefe.rences» any or all of the fol lowing: 



STUDY BOL J: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary ^ 

• ^ * 

ENRICHHEMT MATERIAL: 

NAVPERS 93A00A-la ■• "Baste Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Government Printing Office, 1965. 

AUOIO/VISUAL: 

Sound/Slide Presentation "Measurement of I « E In a Parallel Circuit" 



YOU HAY, NOW STUDY ANY 0:\ ALL OF THE RESOURCES LISTEO ABOVE. YOU HAY 

TAKE THEPR0GR2SS CHECK AT ANY TIME. 
♦ 
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Narrative 
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NARRATIVE 
LESSON f 



Rules for Voltage and Current 
A Look At Parallel Circuits 

t 

In the previous module you learned about Ohm's Law relationships 
and how they apply to series circuits* you learned certain rules 
about voltage* current* resistance^ and power that are true for ser 
tes circuits* It ts now time to see how Ohm's Law Is applied to 
paral lei circuits* 

Recall that a parallel circuit Is one which has mors than one path 
for current to follow, although It has only one common source* 
Observing the schematic shown for a parallel circuit, you see one 

common source and three paths 
for current flow* Each path or 
branch suppil les a load* Circuit 
configurations such'as h^s are 
commonly used to wire homes' and 
bul Idlngs* 

Suppose that the parallel circuit Illustrated above represents the 
wiring In your kitchen* Thefi DSJ^tnlght be the overhead light, R2 
mifht be the toaster* and the _r^f rigerator* All three loaos are 
fed by the same network of wires, from a common source* 

Another wiring example you are probably familiar with Is that of 
strings of Christmas tree lights* These strings may be wired elthe 
In series or In parallel as shown: 




In series " one path for current 




In paral lei 
curVent 



many paths for 



you know that In the series string, If one lamp burns out* It opens 
the path so that no current can flow, and all of the lights go out* 
In the parallel string, this Is not so* 11^ one bulb Irv the paralle 
string burns out. It 5oes not affect the other lights and they con- 
tinue to glow* To see V!hy this Is so» we have to understand the 
relationships of current* voltage*, and reslsta^e^ln parallel ' ' 
cl rcults* 



Narrative 
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Volt* ga 



You recall that In series circuits the same current flows through 
every component. This Is not true of parallel circuits. In a 
Parallel network, voltage Is coninon. That Is, across each branch 
the voltage drop will equal the applied voltage. Because each 
branch Is actually connected across the source, the same differ-* 
ence of potential will exist across each branch. 



For example: 



• 

























*4 

K>v 



The appi led *voItage Is lOv; E|.* Is lOv; E-^ Is lOv; E„ Is lOv; 
therefore, the voltage drop across R^wllv^also be lOVT We can put 
this In a mdthe*natlcal expression which reads: 

^Rl " ^KZ ' ^R3 ' ^R^i " ^a 

The rule for voltage In series circuits (KIrchhoff's Voltage Law) ts: 
"The sum of the voltage drops equals the applied voltage." In series 
circuits voU.age Is additive. 

In parallel circuits, voltage Is not additive. You do not add 
branch voltages In parallel circuits to solve for E . Applied volt- 
age Is the same as each branch voltage drop. 



In this circuity what Is the value of: E 




E 

R37 
^a7 



Because the voltage Is common across the elements of a parallel 
circuit, the voltage drops are all equal to each other, and the ap- 
plied voltage Is equal to any one of the Individual voltage drops. 



In^the ctrcutt above, Ej^ Is SOv; therefore, E 
also 60v. 



and 



E^ are 
a 



Current 



In a series circuft, the same current flows through every. component 
(n a parallnl circuit, the current In each branch Is determined by 
the amount of resistance In the branch and the applied voltage. 

It ioo T — »J?ion^ 

. ' 14 , 



Narrative 



In the circuit lllcstrated at the bottom of the previous page* 
with voltage 50v» total current ts 10 amps as It leaves the source 
and arrives at Junction A* Because each of the two branches has the 
same resistance* the 10 amps divides and 5 amps flows through the RJ^ 
branch* and 5 amps flows through the Kl branch* At Junction B* the 
5 amps from branch 2 Joins the 5 amps^rom branch I to add up to a 
total current of 10 amps returning to the source* 

The following two rules apply to cui^rent In parallel circuits; 

I* Each branch current Is determined by the resistance of the branch. 
2. Total current Is equal to the sum of the branch currents. 

Since electrons are neither cs^ated nor destroyed as the current 
divides* the sum of the currents flowinc; In the branches must be 
exactly equal to the total current flowing to and from the source* 



Solving for Branch Current 

Ohm's Lew Is as true for prrallel circuits as It Is fo^ Merles cir* 
cults* Therefore* by using the Ohm's Law formula I ^* you can 
determine the amount of current through a branch of a parallel network* 



By Ohm's Lawt determine the amount 
of current through Rl_ and R2_. 

'ri < 

'r2 « 



'Because voltage ts comcnoni \f E is 50V| you know wfll be 50v and 
Ej^2 wdl be 50v. Applying Ohm'l Law to find 1 throOih Rl_ (or 1^,), 

I »i 
'r1 Rl 

Rl ion 



To find 

I » 50v 
'R2 Ion 
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Narrative 
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Solving for Total Current 

To find total J_ tn a parallel ctrcutt^ we add the branch currents* 
Therefore, we can add I^^* and '^'"^ total current in the cfr 

cuit we have been sol>^tng* 



The rule for parallel circuits that states the sum of the branch cur- 
rents equals the total current is an application of what is refer- 
red to as KIrchhoff's Current Law ; It is act' illy a sta^iement of 
the law of conservation of matter, since at j^ra^ich points* electrons 
are neither created tior destroyed* 



^Irst you knew that voltage across each branch Is equal to ^ 
the applied voltage of 25v* By using Ohm's Law formula I = 
you should have determined that; 



Ihen, because the sun of branch currents equals total current, 



't * 'rI 'r2 • • • 'fin '^"^ number) 
1^ » 5a 2*5a 

1^ - 7-5a 



Now solve this circuit* 




Rl 5a 
R2 » 2*5a 
R3 2.5a 



T = lOa* 
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Narrative 
Practice 



1. Solve for E_ and E 
Kj) ■ a 




'R3 



2, Solve for 
to Indicate 



tp and \j ( N ot e : t. can be used just as tg.» 

e*J_ tRrough branih U) ' 



J 












r 60V 3 




K ion 1 



son 



'2 » 
'3 = 

't- 



3. Solve for t. 



^7 



5.U 



2 - 



Compare your answers with the correct answers on the next page. 
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Ansv/ers to practice problems 

1. Ej^j « 20v 

E » 20v 
a 

Voltage is c(»nnon. The voltage drop across each branch (s equal 
to the applied voltage. 

2. Ij-3a ' - - 

'2 " 
I. - 2a 

ij " I la 

Since you know the values of E_ and R,i you can apply Ohm's Law to 
find branch currents. The sum of the branch currents, then, equals 
the total current. 

3. 4 =• ^ 

Since the sum of branch currents equals total current, you can sub- 
tract l| from \j to sclve for l^- 

you could also have solved for voltage across Rl (E > I x R) . 

Since E|^^ Is 20v, E^^ must also be 20v. Then by Ohm's Law you find: 

I = ^ 
'R2 R2 

1 «20v 
'r2 5« 

Ip- « A amps 



AT THIS POINT, you HAy TAKE THE PROGRESS CHECK, OR yOU MAy STUOy ANy 
OF THE OTHER RESOURCES LISTED. IF yOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLy, GO TO THE NEXT LESSON. IF 
NOT, STUDy ANy METHOD OF INSTRUCTION yOU WISH UNTIL yOU CAN ANSWER. 
ALL THE QUESTIDNS CORRECTLy. 



p.t. 
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PROGRAMHEO INSTRUCTION 
LESSON I 



Rules for Vottage and Current 



TEST FRAMES ARE 3, 7, 10, 13, 15 AND 25. GO FIRST TO TEST FRAME 3 AND 
SEE IF YOU CAN ANSWER ALL THE QIJESTIONS THERE. FOLLOW TK*^ DIRECTIONS 
GIVEN AFTER THE TEST FRAME. 



1. As you recall, a series circuit has only one path for 
current flow. Because of this, the same current flows 
through ail parts of the circuit. A parallel circuit, on the 
other hand, has nore than one path or branch for current to flow 
through. As a result, the current divides and a different part 
of It flows In each of the branches. 

a. A circuit with only one. branch Is a circuit. 

b. A circuit with two or nore paths Is a circuit. 



(a. series; b. parallelT 



is 



\2 



p.l. ^ Six-i 

2* A parallel circuit has more than one circuit path connected to a 
coimiDn voltage source* A basic-parallel circuit is represented In 
the schematFc beIow» and the two current paths are shown by Hnes 
and arrowheads* Some electrons will take Path I» and others will . 
take Path 2* 




Use lines and arrowheads to Indicate the two current paths In 
this circuit: 











_ 








3. Define a parallel circuit. 



(this is a test frame, compare your answer with the correct 
answer given at the top of the next page.) 



13 20 



ANSWER - TEST FRAME 3 



A parallel cIrcuU Is one which has more than one 
path for current flow connected to a convnon source. 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
fftAME 7. OTHERWISE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 3 AGAIN. 



Because there ts only one path for current to flow fn a series 
circuit, current Is common. Current Is not cpmmon In a parallel 
circuit because there Is more than one path" for current to flow. 
In a parallel circuit, the applied voltage Is comnoon. Look at 
the schematic below. , , , , 



As you can see, both ends of each resistor are connected directly 
to the source^ one side to the negative terminal, one to the posi- 
tive terminal. This means that full source potential Is Im- 
pressed across e^^ch of the available current^paths. 

What value Is common In parallel connections? 



(The applied voltage across each parallel component.) 
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5- Source voltage in a parallel circuit is applied across each of the 
parallel loads. This can te easily seen, for there is almost no 
resistance between the source and either of the loads; therefore, 
there is almost no voltage drop between the source and each. load* 

The equat :on 

States the ab we relationship^ 
and indicates that voltage Is 
thf: constant value in a paral- 
lel circuit. 

What ts the value of source voltage in this circuit? E 

s = 




^' t90v ■ HOTT: At times Z^, E^, E , or E^^ are used to indicate 
appl ied voltjge.) ^ ^ 

6, The resistance contafned In the conductors of a circuit is so minute 
that for all practical purposes, it is neglected. Therefore, we can 
say that the voltage across ^ach load in a parallel circuit is always 
the applied voltage- 

a. less than 

^ b. equal to 
c. greater than 



\h) ^qual to 

7* Solve the circuit for quantities indicated. 

, a- E, 











30 fi^ 











R2 



"5. b. E, 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



J2 



P.I. 
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ANSWERS - TEST FRAME 7 

a. 60v 

b. 60v 



IF ALL YOUR ANSWtRS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME 10. OTHERWISE, GO BACK TO FRAME k ANO TAKE THE PROtRAMMEO 
SEQUENCE BEFORE TAKING TEST FRAME 7 AGAIN. 



8. By now, you should have reached the conclusion that while ^ 

is common In a series circuit, Is common 

in a parallel circuit. 



^current - voltage) 



9. If thp potential across any path Is known or can be computed, 
source voltage Is also known because voltage Is the same In each 
branch of a parallel network. 



What Is the applied voltage? 



I 




BUC 
6LD 



t30v) 
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10. Solve for E . 




(THIS IS A T^ST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP" OP THE NEXT PAGE.) 



ERIC 
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ANSWER - TEST FRAME 10 
lOOv 



IF VOUR ANSWER MATCHES THE CORSECT ANSWER, YOU HAY GO ON TO TEST 
FRAME 13. OTHERWISE, GO BACK TO FRAME 8 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKtMG TEST ^RAM^ 10 AGAIN, 



II* Each of the current paths of a paratte! circuit fs calted a branch , 
The currenC through each branch Is Independent of tne current^ In 
the other branches^ and Is- determined entirely by the source 
voltage and the resistance In the particular branch, 
Dhm's Law win provide the current value once the source v'ojt^ge 
and the resistance of the branch are known'd * E/R) , Remerber 
that current flow depends upon the voltage applied and the re^ 
ststance opposing It* In a parallel circuit then, the current 
In each branch dep^nd^^on the resistance of that branch. 

Find tj and 1^ 'n the below circuit* 



ISv 



-J 





U, - 3a; - 1. 5a) 



12* Branch currents are determined by the applied voltage, which ts- 

common to all branches of * the circuity, and the of the 

branch* 



(resistance^ 



25 



hRlC 
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13. Solve for Ij^^* 



Ri 15ft 




R2 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 



P.I. 



Stx-I 



ANSWERS - TEST FRAME 13 
3a 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON^TO TEST ^ 
FRAME 15. OTHERWISE, GO BACK TO FRAME fl AND TAKE THE PROGRANMEO' 
SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN. 



14* Total ctrcutt current (I*) fs equal to the sum of the fndlvfdual 
branch circuits. Th4s Is a statement of KIrchhoff's Current Law, 
expressed nK^thematlcaHy as I- >■ 'i + U ^ 'l*' (Since 
^ electrons are neither created rtor destroyed, as tne current divides, 
the sum of the currents In branches must exactly equal the total 
current.) 



What Is ly? 




(I^ » 4.5a; I, - 2a; 1^^ - 2.5a) 



15. Solve for 1^. 



' 1KV ^ 













(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE,) 



27 

20 



. P.I. 



Sfx-t 



ANSWER - TEST FRAME 15 
2a 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU HAY GO ON TO TEST 
FRAME 25, pTHERWtSE, GO BACK TO FRAME 14 ANO TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN. 



16. As a revlw, perhaps a comparison between the two ba^tc types of 
circuits would be helpful. As you are going through the problems 
that follow, note the simtlarltles and differences between the 
t\:o types of circuits. 

The two basic types of circuits are i 

(Either order) 



^parallel and series) 



\7* in a series circuity current Is the common value while the 
divides among the various load devices. 



ivol tager 



18. Check the resistor that will have the greatest voltage drop. 

a. Rl 



K2 siK}n 



sicn 



b. R2 



2i28 



Six-i 



19* In a parallel ctrcutt* voltage is the common value whUe 
. divides among the branches* 



(current) 



20; Solve for E . 

a 




2], In a series circuit, 
of 



Ej + E- + E^, etc/ This Is a statement 
Taw. 



tKlrchhoff's Voltage)" 



22. Solve for Ij* 



j: 



lOOV 



7SV 



2B. 

22 



23. Solve the circuit for quantities Indicated* 

a* 




U> 3a; b. 6a; c. 2a; d. 11a) 



24* One advantage of a parallel circuit ove'' a series circuit be* 
comes readUy apparent when the two are compared* 

What would happen to lights DS_2 through PS5 In each circuit, 
If DSl were to burn out (filament opens)? 



r 



Qdsi 

(5)D54 



^5 



Ml DS3lD£3 0S4TIS5 



"Ta^ Alt go out; OSZ, [)S3, DSk, DSS remair: Ht) 



25. Assume ait branch resistances to te of equal value. 
Solve: r^^^y 




a 
R3 



(THIS is A TEST FRAME. COMPARE YOUR ANShTERS hTITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 25 
E^ » lOOv 
R3 - lOOfl 



IF ANY OF YOUR ANSWERS ARE INCORRECT, GO BACK TO FRAME 16 AND TAKE 
THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTEO. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR- 
RECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUOY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUES- 
TIONS CORRECTLY. 
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SUMMARY 
LESSON I 

Rules for Voltage and Current 

Vou have learned to apply several rules and laws to series circuit?^ 
and now It *s time to apply similar rules and laws to parallel cir- 
cuits* A parallel circuity remember^ Is one which has more than one 
current path from a common source. The power outlets In your class- 
room» barracks^ and home are all wired In parallel* Here Is a schematic 
diagram for a parallel circuit with three current paths: 




^Christmas tree lights are available, as either series or parallel 
strings. J^n the Serl^^^ slrlng/one open lamp will cause all i;he lights 
to go off» but an open lamp In the parallel string will not affect any 
of the other tamps* This Is so because current In a branch of a paral* 
lei circuit Is Independent of the current In any other branch; voltage 
Is the quantity which Is common* IN the schematic shown above» each 
component or branch Is wired directly to the source^ so the voltage 
applied to each component or branch Is the same* Mathematically^ the 
voltages would be written: «■ E^ * ^3 * ^k* etc*» where E^ Is 

the voltage applied across the first path for current flow (branch); 

the voltage across the second branchy etc* Remember that you add 
voltage. drops In a series circuity but all the voltages In the branches 
of a parallel circuit have the same value* 



In contrast to current In a series circuity current In a parallel clr^- 
cult Js not a common quantity everywhere In the circuit* Current In 
each branch depends on the resistance In that branch* This example may 
help you see this point* 




The 50 volts from the source Is- applied directly to 51 and to R2 , thus,, 
according to Ohm*s Law^ the current through Rl. 5 atnps and current 



through ft2 Is 2*5 amps* Since both currents are supplied by the battery » 
current TTow to and from the battery Is 7*5 amps^ which Is the sum of 
the branch currents* Mathematical 1y» the current Is: " ij *** I2 

^ iy etc* Vou now have two rules for parallel circuits: 
I* Voltage Is the same across all branches of a parallel circuit 



1 



Ej « etc*) 
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2* Total current in a parallel circuit is equal to the sum of a!1 
branch currents. (1^ " 'l ^ '2 ^ '3* 

The second ruli above is an appifcation of Kirchhoff's Current Law * which 
ts actually a statement of the law of conservation of matter- As an 
equation, we sec 1- • 1 , + Ij + U + * - - + 1 where Ij is current tn 
the first branch, fs current in the second Branch, and 1 is the cur- 
rent through the last branch of whatever number of branches there are. 
Since electrons are neither created or destroyed as the current divides, 
the sum of the currents flowing tn the branches must be exactly equal ' 
to the total current flowing to and from the source. 



Answers - K » la; I, = ka; I. « 2a; I_ ^ 7a 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUOY 
THE LESSON NARRATIVE OR THE PROGRAMMEO INSTRUCTION OR BOTH- IF YOU TAKE 
THE PROGRESS CHECK ANO ANSWER ALL OF THE QUESTIONS CORRfXTLY, GOTO THE 
NEXT LESSON. IF NOT, STUDY ANOTHER METHOD bF iNSTRUCTlCN UNTIL YOU CAN- 
ANSWER ALL THE QUESTIONS CORRECTLY. 



As a check, solve this problem for. 




20v R, 
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OVERViEW 
LESSON I ) 

Rules for Resistance and Power 

In this lesson you will study and learn about the following: 

determining branch resistance 
equivalent resistance 
effect of adding resistor^ 
configurations 

methods of solution for equivalent 
resistance 
power 

practi-col application 

Each of the above topics will be discussed in the; order Msted* 
As you proceed through this lesson» observe and follow directions 
careful ly * 

BEFORE you START THIS LESSON» PREVIEW THE LIST OF STUDY RESOURCES 
OH THE NEXT PAGE." 




Study Resources Stx*!) 

LIST or STUDY RESOURCES 
LESSON II 

Rules for^ Resistance and Power 

-To learn the material tn this lesson* you have the option of choosing* 
according to your experience and preferences, any or alj/of the foMbwIng: 

** 

STUDY BOOKLET: ^ ' ' — 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

♦ * 
ENRICHMENT MATERIAL: 

NAVPERS 93itOOA-1a "Baste Electricity, Direct Current." 

fundamentals of Electronics . BureaMi of Na\/al Personnel* 
Washington* D.C.: U.S. Government Printing Office, 1965. 

NAVPERS 93i*92-7 '"Prep Text." 

Mathematics Series, Volume 2 . Bureau of Navat Personnel* 
Washington, D.C* ; U*S* Government Printing Office, 1965* 

* 

YOU MAY NOW STUDY ANY OR AU OF THE RESOURCES LISTED ABOVS. YOU MAY 
TAKE THE PROGRESS CHECK AT ANYTIME. 
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-NARkATIVE 
LESSON It 

Rules for Resistance and Power 

Determtnlng Branch Resistance 

We have already discussed methods for solving for voltage and current 
In parallel circuits. Now we tOrn our attention to resistance. 

When voltage and branch current are known* branch resistance can 
be determined by applying Ohm^s Law. (Just as you did to solve fpr 
resistance In series circuits, you use the familiar formula, R ■ -p.) 




Rl - 20fl ^ R2 - 30fl 



Now, usfng Ohm's Law, we can also determine the total or eouiva* 
lent resistance of the circuit. 
E 



^ R - J2 fl 

5a 



R^-^ R 

Observe that although the parallel network had one resistor of 20 
(RI) and one of 30 (R2) , total circuit resistance Is only 12 fl. 

A rule to remember here Is that total resistance of a parallel net- 
%«ork Is always less than the smallest resistance of any branch. 



Equivalent Resistance or Total Resistance 

When we lump the resistances of all branches of a parallel circuit 
Into one Imaginary resistor equal to the total resistance of the 
circuit, we call It the equivalent resistance or total resistance * 




Narrative 
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The totu] resistance of resistors In parallel Is also referred to 
as EQUIVALENT RESISTANCE, In many texts the terms total re sistance 
(R^) and equivalent resistance (Rgq) ^sed Interchangeably . 

Adding Resistors 

Recall that In a series circuit* when we added a resistor* total 
resistance Increased and total current decreased proportionately. 
Resistances are additive In series circuits • 

t 

Discover for yourself wnat happens when you add a branch resistance 
to a network* 



You wl 1 1 need: 

multimeter set as ohmmeter. 
alligator clips for multimeter leads* 
two lO-ohm resistors. 

1. Clamp alligator clips of ohmmeter to both leads of one 
resistor* 

2. Record approximate ohmmeter measurement* 

3* Clamp th^ clips of ohmmeter to both leads of both re- 
sistors. (This adds a second resistor In parallel.) 
Record approximate ohmmeter measurement* 

5* When you add a branch resistor^ what happens to total 
resistance? 



Answer * When you added a resistor^ the total network resistance 
decreased* This Is true because you added another path 
for current, which Increased the amount of total current 
with a corresponding decrease In the amount of total 
resistance. 



I. !^ you change this series circuit: Rj will 

from to 

1 ncrea se/ decrea se 




Narrotfve 

2* If you chdnge thfs parallel circuit: 
from . to , 



i 



stx-n 



R win 

eq 




Tncreaie7d ec rea se 
UwIM 



ncrease/decrease 



Answers: 



Increase 
decrease 



2* R * decrease' 
eq 

1^ **Increase 



The rule to remember here Is that adding a resistor to a par,aI1e1 
network decreases total resistance and provides a new path for cur- 
rent » and total current Increases* 



A Vtord About Configurations 

From now on some of the schematics we will work with will be unusual 
configurations* This Is being done so you will become familiar with 
parallel networks as 'they might appear* Vou will seldom find paral- 
lel networks that look like neat boxes In real situations* 



Solving for Equivalent Resistance 

To solve parallel circuits for total resistance or R , there are 
several methods we can use* The selection of the metnod used de* 
pends on what Information about the circuit Is known* 

1 * . Equal Branch Hethod 

To find the R . when^reslstance Is equal In each branch of the 
circuity dtviSi the ohmic value of one of the resistors by the 
number of branches* 

(ohmIc value of one resistance) 
n {number of branches) 

R » 10 n 

eq 

The following analysis of the equal branch method my help 
explain why^ the method works: 
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17^ A very useful method of solving a parallel network of resistors 
for Is called Che assumed vo ltage method . % 

Any value of source voltage can be assigned (if nonejs given) and 
Individual branch currents calculated (for the assumed voltage). 

Adding all the branch currents gives It-, and Ohm's Law can then 




Example 



Any voltage can be assumed, but let's use 75v since the number 75 
is divisible by all of the resistor values. 
E 



Then , 



2 25., 

3 I5£l 



3a 
5a 



^ = 7 5a 
ion '-^^ 

30.5a ' 
E 



and Hj. « -p ■= = 2.5£1 (actually Z,h6u) 

(S"~nj«^rts^pproxlmately equal to.) ^ 
{NOTE: The only true /alue in this method Is the value of resistance.) 
Now, use the c<ssumed voltage method to solve this network for R^' 




l8s (n -the following circuit, no applied voltage is given and the re- 
sistance values are not equal. 







:«2 ; 


R3 










> toon 



One possible way solving this problem is called the reciproca l 
method . This method can bejused with any number of branches and 
(continued ok next PAGE) \J 
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any values of resistance. The formula is a variation of the 
assumed voltage method and is derived from a combination of 
Klrchhoff^s Current Law and Ohm's Law. 

E E, 
_£ a a^ _a^ 

Kr Rl R2 R3 



dividing both sides 

of ^tfe'equations by 

E tyie?ds 
a 



I 1^1 



dividing both sides 
into I yields 



I 



i_ + 1- +X etc 



Now you can see that, all you are really doing is assuming^a voltage 
of Iv. ■ ■ \ 



To scflve, substitute values in formula: 



i 



I 



J_ + j_ + _ 
■ 75 50 100 , 

To. combine the fractions, find che lowest connTiOn denominator. The 
most convenient .way to do this ts to pick the largest -denominator 
and use it as the convnon denominator. Then determine how many 
tiijyes each of the denominators will go into this number and\use 
these figures as the numerators^ V 

o _ I , I „ 100 

' 1.3 . 2 . I ^TT ?J 



23.3. 



L 3 

Instead of dividing th^ fraction -.-gg- into I as the formula Implies. 

simply Invert the fraction to and divide k.'i into 100. Mathe-^^ 
matlcally, both procedures are tHe same. 




Flitd R 



eq 



U6.36 a) 



41 
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19* Using the reciprocal method, solve for R„. 

eq 



r 







>25£J i 
f 





20. Solve for R 



eq 





"1 : 




•»3 5 

















(this is a test frame, compare your answer with t^e correct 
answeh given at the top of the next page.) 
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ANSWER - TEST FRAME 20 
2.7il 



IF yoUR ANSWER MATCHES THE CORRECT ANSWER, you HAy GO ON TO TEST 
FRAME 2&. OTHERWISE, GO BACK TO FRAME 15 AND TAKE THE Pr<OGRAMHED 
• . SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN. 



21. A somewhat simplified method of computing equivalent resistance Is 
available, but can only be used •^^tb-.two branches at a time. The 
method Is caTIed product over the sum , represented mathematically as: 



This formula can be applied to a circuit using the steps shown bslow: 



^ RT » R£ 
eq " Rl + R2 




i . TSubstl tute 'rt lues In formula R 



30 X 60 
eq 30 + ^ 



2. 



Combine terms 



R 



1800 
eq " 90 



'3* Final computation 



R 



» 20 Jl 



What Is R 




(20 U) 
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22* Recall that fn a series circuit total resistance could t»e deter- 
mined simply by adding all the resistance values In the circuits 

fl|. = Rl + R2 + R3 

Adding another resistor in series would: 

a, decrease total resistance, 

b, increase total resistance. 



(b) Increase total resistance 



23- Solve for R3^ 




1? ko; 



24* Ip parallel circuits total current Is always greater than current 
In any branch* Consequent ly» total parallel resistance ts always 
smaller than any branch resistance. - 

Adding another resistor In parallel would: 

a*' increase total resistance* 

b* decrease total resistance* 



(bj decrease total resistance 
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25. Solve for R ■ . 

eq 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 25 
12 kfl 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME 28. OTHERWISE, GO BACK TO FRAME 21 AND TAKE THE PROGRAMMEO 
SEQUENCE BEFORE TAKING TEST FRAME 25 AGAIN. 



Z(>. Power computations In a parallel circuit are the same as those 
used for series circuits. Since power dissipation in resistors 
consists of a heat toss, power dissipations are additive re- 
gardless of how the resistors are connected In the circuit. 

Find Pt- w 
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27* The equations P ■*! R, P ■ — , and P » IE apply to any resistor or 
circuit so long as the values used are correct for that resistor 
or circuit, tn other words. If you are looking for the power 
dissipated by a particular resistor use only the values associated 
with that resistor* 



t 



nv 





For example, In this circuit the amount of power dissipated by Rj[ 

will be 10 watts whether you use p2 

to find the answer, but you will not 
9et the correct answer If you use Ij 

or or even K2 in* your calculation. 
6y t!)S same token, total power may be 
found If I , fL. and E (any E^, since all 
are the same In paraTlel) are used. 



*50 



Find Pj and P^^ In the above circuit. Pj 



R2 



[Pj » 15w, Pj^2 " 5w NOTE : Because there will generally bo more 

than one valid method of solving any given problem and you will 
occasionally be using decimal numbers Instead of whole numbers, 
the answers shown here will not always correspond exactly to the 
ones you compute.) 



28. Solve for: 



a • 



c. 



b. P 



Rl* 
'r2* 



d. P 



R3* 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST .FRAME 28 

a. §83w 

b. 2§0w 

c. 200w 

d. 133w 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAHE 32. OTHERWISE, GO BACK TO FRAME 26 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 28 AGAIN. 



29' If twc values from the same part of the cfrcuU are known or can 
be computed, all of the other values for that part can be found. 
Fpr exantple^ If E and 1^ are known, all of the i:otal values can 
be computed; If P^^ ^^'^ ^2 known, all values for R2^ can be 
found. 



Solve for; 












b, Ppj. 

c. R2. 




; won 5 
J 


h : 
;i.5o : 


13 < 

I 20on 5 


I sow 



(a. 333ma or .33a; b. Il2.5w; c. lOOfi^ d. ISOwJ 
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30. Solve for R2. 



— 50V 



^400 




r 



3l> Keep in mind that If you want, to find a value at one particular 
part of a circulti you must know or be able to compute two other 
values at that point. 



Solve for: 



3 * • 



b. 1^. 
c • • 




(a. 200v; b. 4.25a; c. ^7^j" 



32. Solve for: 



a. P 



R2* 
b . P J • _ 




(this- !S a test frame, compare your answers with the correct 

ANSWERS GIVEN AT THE TOP OF THE KlXT PAGE.) 
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ANSWERS - TEST FRfME 32 

r , 

a. " lOw 

b. 60w 



IF ALL yOUR ANSWERS HATCH THE CORRECT ANSWERS, yoU MAy GO ON TO TEST 
FRAME 3A. OTHERWISE, GO BACK TO FRAME 29 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 32 AGAIN. 



33* As you will recall, resistors are rated fn watts as we.U as ohms. 

The wattage rating of a-riss'lstor refers to Its heat 

dissipating capability. 



(maximum) 



3^. Check the resistor or resistors that would overheat. 



a. Rl 

b. R2 

c. R3 



I 



to n 



«1 




All resistors are -ated at 250w. 



(THIS IS A TEST FRAME. COMPAi^E yOUR ANSWifRS WITH THE CORRECT 
ANSWERSGIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 3^ 




a. RI 





IF YOUR ANSWER IS INCORRECT, GO BACK TO FRAME 33 AND TAKE THE 
PROGRAHMED SEQUENCE. 



IF YOUR ANSWER IS CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY 
STUDY ANY OF THE OTHER RESOURCES LISTED. IT YOU TAKE THE PROGRESS CHECK 
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. IF .NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 

5 




\ 
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SUMMARY 
LFSSON 11 

Rcles for Resistance and Power 

In the following parallel circuit, the totali resistance can be found by 

' E 

the form of Ohm's Law R:^ « -p-, Just as In a series circuit. When you 

calculate the total resistance In this circuit, you find that R^ Is only 
15 ohms ~ less than the value of either Rl or R2* 




This rule holds true for any parallel circuit: The total resistance 
of a parallel circuit Is always less than the smallest resistance of 
3ny of Its branches * . ^ 

A Aook at the above circuit will show why this Is true. If the circuit 
contained only the total resistance would be 20 ohms anc^ totbl cur^ 
rent 3 amperes^ Adding R2^ In. parallftl creates a second current pathf 
and total current from the ^urce Increases. So as far as the sburce is 
concerriCdt the resistance it^i^s Is reduced* or R^ has become smaller. 

If ^ 
The V lai resistance of resistors In paratlel Is also referred to as 
EQUIVALENT RESISTANCE.- In many texts the terms total resistance and 
equivalent resistances ^are used sin terchangeably . 

So far* all the schematic diagrams you have seen were drawn In ntce* 
neat straight tines or boxes* bu^ some of the schematics you witl be 
seeing from now on tray be drawn In a tess orderly manner and not so 
easily understood^ If you find one you do not readily understand, 
red'^aw It so that It makes sense to you while Iceeplng alj the ''same 
connections., A parallel circuit might be drawn like this: 




Vou will obtain even stranger configurations while drawing a diagram 
from an actual circuit. In actual trouble-shooting techniques you 
witl find, by re-drawlng a circuit It will help simplify It for ease 
In locating the problem. 

Vou have seen how to solve parallel circuits for R. by finding total 
current, then using Ohm's Law to find R^; now you will sec some methods 
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whfch are faster to use* Tor example* when the branches of a net* 
work are equal fn resistance* you can find R by dividing the value 
of one of the resistors by the number of branShes* , 




A parallel circuit wlt^ two unequal branches may be solved by the 
product over -the stii'm method* The equation for this method Is 
R1 X R2 

\q " ^ T R?* ^" '® insert the vaJues and compute 

to get the equivalent; resistance* 

A method which you can use to solve a circuit with any number of 
branches Is the reciprocal of the sum of the reciprocals fnethod* or 

a ' ' 

R1 R2 T fi3 • • • R^. 
Heie Is an example of how to use this equation: 

' ' S R « " ^ 1 

«q - — J2 — ~ 
1 



3.2.1 

35* To 



/ 



"V 

30 

- 30 

T 

Thts Is a method which you can always depend on to give the equivalent 
resistance. Be sure to learn tt. 

* 

Now'let*s ittdve on to a study of power In parallel circuits* This should 
be an easy subject* for power In parallel circuits is found in exact' 
1y the same way as power tn serles^clrcults* J^^^^ branches can 

be found by eltfier P - El or - 1 R or P - 'E_, where the branch current, 
resistance ?nd/or voltage Is used In R 

each case* (Remember, £or voltage difference was actually work per unit 
charge; since j_ \s charge per second, the product of £ and J, is work per 
secondt^r power*) Totai power Js equal to Ei^; It can also be found 
by adding the poWer dissipated In each branch iPj -Pi + P, + P^ + • • • 
+ P )* You may ^Iso use eltner total current or total voltage and equlval 

03 - - - 
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resistance In P_ " 1 



X R 




Vou ran prove any of these by 



making your own parallel circuit and working out the values by all 
these methods.. All of your answers should agree. 



AT THIS POtNT» YOU HAY 'TAKE THE LESSON PROGRESS CHECK, OR YOU HAY STUOY 
THE LESSON iWRRATIVE OR THE PROGRAHfiEO INSTRUCTION OR BOTH, IF YOU TAKE 
THE PROGRESS. CHECK ANO ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE 
NEXT LESSpN. IF NOT, STUOY' ANOTHER HETHOO OF INSTRUCTION UNTfL YOU CAN . 
ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON in 

Vartattonal Analysis 

In this lesson you will study and learn about the foHowtng: 

-variable quantities 
-changing voltage 
-adding or removing a parallel 
resistor 

-changing resistance In an existing 
branch 



BEFORE you START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 

ON 'the next page. 
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LIST OF STUDY RESOURCES 
LESSON Hi 



Variational Analysis 

To learn the material In this lesson* you have the option of choosing^ 
according to your experience and preferences* any or all of the follow 
Ing: 

STUDY BOOKLET: 

Lesson Narrative 
' Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93liOOA-Ia "Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel* 
Washington, D.C.; U.S. Government Printing Office^ 1965* 



you HAy H(M STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE I YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 



Narrattve 



NARRATIVE 

LESSON in 

Vartatlonal Analysis 

In the past two lessons^ you have learned the rules that apply to 
DC parallel circuits* Now we are going to look ai the Interrelation- 
ships between quantities In parallel networks to see what will happen 
to everything In the cIrcfJL ft one qut>ntlty Is changed. To 
conduct^thls variational analys is^ we will use a simple table as 
showa^ 



It 




«T| 




Pt 








hz 




hz 








^R2 




Er3 




Rl 




R? 




R3 





In each empty box» we wHI Indicate with 
an arrow whether a quantity will Increase 
(f), decrease (+), or remain the same 



Variable Quantities 

There are three quantities that; we can 
vary^by Increasing or decreasing: 

K the applied voltage 

2* resistance " within an established 
branch of the network 

3* resistance * that calls for addinc, or 
deleting a branch of the network 



Increasing Vol ta^e 



First, we will conduct a variational analysis of this circuit to 
show what will happen If the applied voltage Is Increased from 
60v to 120v. 
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'■t 












•lt3 
















R1 




R2 




R3^ 





In the top squarci we indicate the 
variable* voltage* and that It ts being 
increased (t)* 

it Is Immediately obvious that If 
Is' Increased to 120v, the? Ej^j, E^^^^ 

and E^^ will Increase to 120v because 
voltage Is common In a parallel cir- 
cuit. Ue Indicate the voltage drop 
Increase with arrows In the appropriate 
boxes* ^ 



What Happens to Branch Current 







It 




Rt 








^1 




















^R3 




R1 




R2 




R3 





NOW, If the applied voltage of this net- 
work Is increased, then by Ohm's Law we 
know that branch current will Increase In 
direct proportion to voltage. 



Whereas current through each branch was 
Z amps, when'voltage was doubled, branch 
current ^ <is doubled* 
E, 



Rl 



Rl 



'Rl 
Rl 

= k amps 



Therefore, we enter the appropriate 
arrows In the boxes to show Increased 



branch current - lj^^» lj^2* ' 
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Total Current 







h 




















^3 




hi 












Rl 




R2 




" k3 





What Will Happen To Resistance 



















Am 




hz 




*R3 




^Rl 




^R2 




^R3 




R1 




R2 




R3 





Yon know that If branch currents Increase, 
total current also Increases* The 
sum of the branch currents of a parallel 
network equal total current* We enter 
the Increase arrow accordingly to show 
1^ has Increased from 6 amps to 12 amps* 



Since resistance Is a physical factor, a 
change In voltage will not affect the 
value of the resistance* 

Changing the. applied voltage does not change 
the values of Rl^» or R3, and we fill 
In the appropriate arrows*Tn the table W* 

As the values of the resistors remain the 
same, thfe equivalent resistance of th's net- 
work remains the same* In the table we 

Indicate thot doc? HOt ChSilgS < 
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What wni Happen to Total Power 





4^3 


L — 

't 




•^T 




•^T 




hi 


T 






















R1 




R2 




'R3 





VAic^n voltage increased^ total power 
wM I Increase* This ts evidj&nt when you 
recall the power formula^ P E x I. 



VAien voltage was Increased to 120 volts^ 
.total current Increased to 12 amps; there- 
fore, total power must also increase. 



Now we have completed a variational analysis of the circuit to show 
symbolically what would happen to every quantity If the applied voltage 
were Increased. 



Adding a Resistor 

Consider now what will happen to our circuit If we vary resistance 
by adding another resistance. 

tf we add another resistor to this 
circuit, we are adding a fourth 
branch — another path for cur- 



1 1 vw. 


160V * 


M 


^'1 
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Effect on Current 



Rt 



iRl 



'R2 



'R3 



-Rl 



-R2 



-R3 
Rl 
R2 

R3 



Add 
R4 



When we add ^ to the circuit, we provide 
another path for current. As current 
is additive in a parallel circuit, 
total current wlU increase. 



Recall the rule that branch resistance 
determines branch current, and you can 
see that adding R4_will not affect current 
through the previously established 



branches, 
the same. 



Rl* 'r2 



and 1 wi 1 1 



remain 



What Happens to Voltage 





Add 
R4 


It 




"ft. 
















^R2 




^R3 








hz 




^R3 




Rl 




R2 




R3 





The applied voltage ts determined by the 
source; therefore, adding R^^wlll not 
change total voltage. Because voltage Is 
convnon^ E^2* ^" ^ change^ 



R3 



The only change in voltage will be an 
additional voltage drop across 
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What Happens to Resistance 



Stx-tll 





Add 
R4 


T 


i 

f 




1 










T 




—r 




^R3 




^Rl 




^R2 




^R3 




. Rl 




R2 




R3 





Resistance fn branches I» 2» and 3 wMl 
not chanse because resistance Is a 
physical property. 



By the rules for parallel circuits* you 
know that ff you add resistance to the 
network* the equivalent resistance de^ 
creasei. Ryjlhen, will show 3 decrease 
arrow beceuse we have added a fourth 
resistor to the network. 



What Will Happen to Total Power 





Add 












— ► 






h} 














— ► 


^R2 








RT- 




R2 




R3 


— ► 



Total power Is directly proportional to 
total current. When l-j. Increases » Pj must 
also Increase^ so we can complete our 
second variational analysis table by show- 
ing the Increase arrow for. P-j.. 



Varylnq Resistance In an Existing Branch 

li Is conceivable that you mrght want to Increase or decrease the 
^ value of a resistor In an established branch of a parallel network. 
In such cases* you are not adding or removing a branch In the cir- 
cuit, but you are changing. the value of the resistance within a 
branch* 



mc 
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Assume that in the following ctrcutt you increase the ohmic value of 
R][ by replacing the 5"ohm resistor with a lO^hm resistor. 




What Win Happen to Co r r en t 





#1 






















hz 








hz 




Rl 




R2 





When you Increase resistance within a 
branchy by Ohm's Law you know that 
current wtthtn the branch wtll decrease^ 



Curirent in Branch 2 wil I not change* 



Total current » then» being the sum of 
the branch currents^ will decrease 
because 1^, decreased* 



I f i J decreases 



then total power also decreases < 



W hat W ill Happen to Vol tage 





iRI 


















Iri 




^R2 




^R1 




^R2 




Rl 




R2 





The applied voltage, of course^ dges 
not changa when resistance changes* 
Because voltage is common In parallel 



networks, 
either* 



'Rl 



and 



E|^2 ^' ' ^ change 



Go 
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What ViW Happen to Resistance 



SIx-)il 







"It 
'T 


t 




A 
f 


T 




~'P " 




1ri. 


t 






tRl 




^R2 




R1 




R2 





When voltage Is constant^ If total 
current decreases we know by Ohm's 
Law that must have Increased* 

We physically Increase resl<;tance 
In branch U hut branch 2 reinalns 
unchanged* 



Practice 



)* 



;ds2 

•DS3 

[dsT 

[dS2_ 
^DS3 



♦^052 



Recalling the rules for parallel cir- 
cuits, conduct a varlattonol analysts 
of thts circuit If we replace DS2 with 
a )50w bulb. (Recall that a l^butb 
has less R than a 20w bulb.) 



X»t 1"^ 

Y K^40w ^ao*^ (^ w 
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3. Analyze the above circuity by complet^tng 

column 2f to show what wtil happen ff 
we add another SO^-ohm resistor tn paral- 
lel to the network* 



Answers: 





i»DS2 






\ 












RDSl 




'ftp?? 




















^DS2 




^DS3 
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2 and 3. 







Add 
R4 


h 


t 


♦ 


n 

Kt 




t 










t 










^R2 






^R3 






^Rl 






^R2 






^R3 






Rl " 






R2 






R3 







opens In Hatn Lines " Affecting The Whole Network 

An c^en can also occur In the conductor which leads directly to* 
or" from the- source. How much of the network Is affected depends 
on where the open occurs. 

In this example^ current does. not have 
a complete path to follow^ and tt will 
stop entirely. The entire network 's 
knocked out. 




j — kT^ 

V 




R2 f«3 



The open In this circuit will allow cur- 
rent flow in branch K It will stop 
current flow to both R2^ and R3, thus 
knocking them out of the network. Total 
current will be the current through RJ_* 
Total current will decrease. 



In this schematic the break is tn the 
conductor on the line from the source^ 
but It win affect only current to 
branch 5* The RI^ and R2 branches 
will function normally. 
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NOW YOU WkY TAKE THE. PROGRESS CHECK» OR YOU WkY STUOY ANY OF THE 
OTHER RESOURCES LISTEO. 



P.I. 



Six-Ill 



PROGRAMMED INSTRUCTION 
LESSON in 

Variational Analysis 

TEST FRAHES AF^ 3, 12, 20\ AND 25. AS BEFORE, GO FIRST TO TEST 
FRAME 8 AND SEE IF VOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW 
THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



Before going Into variational analysis, you must understand the 
nature of the values you are dealing with. Recall that voltage 
Is a potential difference that causes current flow. Voltage ts 
satd to be an Independent variable In that It Is controlled 
rrom outsldi the circuit (changing batteries, etc.). 

For example, an Increase In source voltage would cause an Increase 
In circuit current, but an Increase In circuit current would not 
cause an Increase In applied voltage. 

A decrease in applied voltage would cause 1^ to; 

a. Increase. 

^ b. decrease. 
c. remain the sariie. 



{b) decrease 



2. The second circuit value, current. Is known as a dependent variable 
because tt Is dependent upon applied voltage and circuit resistance. 

tf applied voltage were doubled and circuit resistance were halved, 
1^ would; 

a. remailfi the same, 

b. double. 

/ c. triple. 

d. quadruple. 



td) quadTT^le" 
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3* The third circuit value resistance. As you will recall, re- 
sistance (s a physical factor* This means that If resistance 
(s to change^ something must actually be done to the resistor 
or circuit (variable resistor* replacement of resistor* etc*)* 

If circuit current doubles, resistance will: 

a* Increase* 

b* decrease* 

c* remain the same* 



{c) remain the same 



^* Ohm's Law states that current Is directly affected by j and 

Inversely by resistance* Current 1$ the dependent variable and Is 
affected by both r^^slstance and volvrage. On the other hand* current 
does not determine what applied voltage and circuit resistance will 
be* They are Independent variables. 



tvoltage) 



80 



P.I. 



S IK- 



S' Recall that In a parallel circuit R (ft^) decreases each time 
another current path (branch) Is adSid. 

Using arrows to show Increase U) t decrease (^) * and remain the same 
Indicate what will happen to each circuit value when SWl 



Is 


closed. 


a. 









b. 


'V — 


c. 


't — 


d. 


Rl 


e. 


R2 J 


f. 


R3 


g- 


•ri — 


h. 


'r2 — 


I. 


'r3 




(a. 


E 

a - 




b. 


'V- 




c. 


't- 




d. 


Rl _ 




e. 


R2 _ 




f. 


R3 , 




g- 


'ri 




h. 


'r2 




t. 


'r3 
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6* Any variation wtthtn an existing branch will cause a corresponding 
change in R^^ and Ij* ^or example^ If branch 1 resistance were 

Increased^ this woul^J cause an Increase In R. and a decrease tn 

't- 

Using arrows, Indicate the changes which would occur If the value 
of R3 were decreased* 



a. 


't 


b. 




c. 


'ri — 


d. 




e. 


'r3 — 


f. 






a. 


't- 






b. 
c. 


'ri 






d. 


'r2 






e. 


'r3 






f. 


'Ri, 
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/• A change In applied voltage wtll cause a direct change In aJI 
values of current, voltage, and power within the circuit. 

Using arrows. Indicate the charges which would tdke place If 
source voltage were doubled. 

a. 1^ 



b. R 

eq 

c. Rl 

d. R2._ 

e. R3 _ 

f. I 



Rl 









i 
i 



















R2 



h. i 



R3 



a. 


't- 






b. 


R 

eq 






c. 


Rl 






d. 


R2 






e. 


R3 






f. 


'ri 


_f 




9- 


'r2 


_f 




h. 


'r? 


_f 
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8. Place arrows to show Increase (+), decrease (4'), or same (-*■) In 
each box of the variational analysis table In accordance with 
these question^* 




a. What wtlt happen to the other 
quantities If total ts In^ 
creased to lOOv? ^ 

b* What win happen to the other 
quantities If a SO^ohm re- 
sistor Is added In parallel? 

c. VJhat will happen to the other 
quantities tf Is replaced 
with a 20-ohm resistor? 



av 







Add 
R4 


Rl 


It 
















Rt 








Pt 








h} 








Ir2 








hz 








Rl 








R2 








R3 








^Rl 








^R2 








^R3 









(this is a test frame, compare yOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT TI^E TOP OF THE NEXT PAGE.) 



t. 
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ANSWERS - TEST FRAME 8 





a. 


D. 


C. 






AAA 

R4 


|ri 


















Rt 




i 


♦ 


Pt 


t 






h} 


t 




t 




t 






^R3 


. t 




-> 


Rl 






i 


R2 








R3 








^Rl 








^R2 








^R3 









. IF AIL yOUR ANSWERS HATCH THE CORRECT ANSWEPl, , YOU HAY GO ON TO TEST 
FRAMI: 12. OTHERWISE^ GO BACK TO FRAMt 1 AND TAKE THE PROGRAMMED 
SEQUL'NCE BEFORE TAKING TEST FRAME 6 AGAIN. 
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9* Parallel ctrcutts have one distinct advantage over series circuits 
fn that an open In one branch wftt not affect the operation of the 
other branches and a variation of resistance (within reasonable 
limits) wilt not affect the other branches. 

If DS2 burns out* DSl and DS3 wMI: 



a* become dimmer 
b* become b 
c* not change* 




(c) not change 



to* Check tne arrow that Indicates what wItt happen to the ammeter 
reading If Rt opens* 



-a* + 
b. I 
c- 




TiTT 
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11. Should'an open occur wtthin a branch of a parallel circuity onty 
that branch would be affected; should the open Isolate more 
than one branch* only the branches beyond the open wtU be 
affected. All others will function normally. 

indicate what would happen toeach light butb if SW3 were closed. 



I. 
2. 

3. 



DS) 
DS2 
0S3 
DS4 



SWf 



SW3 



DSf M2 



DS3 



0^ 



a. brighten 

b. dim 

c. go out 

d. remain the same 



tl. d; 2. d; 3. a; k. a) 



12. Hatch the lettered choice In column B to the meter symbols In 
column A to Indicate what will happen to each meter In this 
circuit if an open occurs at the X. 



A 

1. M) 

2. M2 

3. M3 



M, 



®«3 



)M2 



>M4 



a. 

b. + 

c. + 

d. goes to zero 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 12 

1. c 

2. a 

3. d 
k. d 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, yoU MAY GO ON TO TEST 
FRAME 20. OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 12 AGAIN. • 



13. Although an open in a branch will decrease total current, it 
will not stop ail circuit action. To completely de-etierglze 
a circuit, the open must occur at an electrically convnon point 
(point through which all circuit curre.it must pass). 

If SWI were opened, nrfiat would happen to DSl , 0S2, and DS3. _ 




(go out) 



14. State how many amps the ammeter will rsad In this circuit. 




ToT 
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)§« An open tn a paratlsl circuit will not nece55<^rlly have the same 
effect as It would In a» series circuit. To completely stop all 
circuit ac::Ion In parallel^ the open must occur at an electrically 

comron potnt, whereas in a circuit, an open anywhere 

would de-energize the entire circuit. 



isertesJ" 



16. A short circuit ts an accidental low-resUtance pal^i for current 
flow. Regardless of the type of circuit, a short will have the 
same effect, an Increase In total current. 



What ts Ijl^ 



a. 
b. 
c. 
d. 



83 ma 
100 ma 
300 ma 
2500 ma 




id) 2500 ma 



)7. As you will recall, In a parallel circuit Is always 

than the least branch resistance. If a direct short Is placed 
across a parallel circuit at any point, the total resistance Is 
effectively reduced to 0. In the case of a partial short, 
Kj would be something less than normal. 




'9 So 



stx-ni 



19< If a circuit 1$ shortedt It t^III pass an abnormally large current 
Due to the extremely small resistance of the short (usually con~ 
sidered O), alj of the current will flow through the short, and 
none will ^low through the load. 

Indicate how each value will be affected If SW2 Is closed. 



I. L 



2. I 

3. I 



R2 




b. 



(1. a; 2. c; 3> c) 



20. Hatch the letter 'tholce tn column B to the meter symbols tn 
column A to Indicate wbat will happen to each meter tn this 
circuit If the short occurs as Indicated. 




- 



a. i 

b. ^ 



c. + 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWF*^S GIVEN AT THE T6P OF THt NEXT PAGE.) ' 



( 
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f^NSWERS - TEST FRAME 20 

1. a 

2. c 



IF ALL yOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO TEST 
FRAME 25. OTHERWISE, GO BACK TO FRAME 13 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN. 



21. Recall that a fuse Is placed In a circuit to protect against 
excessive current. To do this, the fuse must be placedin 
series with the source. 

At which point could the. fuse be placed? 



a. A 

b'. B 

c. C 

d. " D 



-VW 5- 



iff 



{ 



e. any of tire above 



(eJ any of the above 
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22. In a series circuity the fuse can be placed at any point and still 
be In series with the source* To protect a parallel circuity you 
must ensure that the fuse Is placed at an electrically conmon point 
so that all the circuit current passes through It* 

Where could the fuse be placed to protect the entire circuit? 
A 



b. B . t" 

c. C I I 

d. 0 — 

e. E -T- 



(a* A; e* £) 



23< Recall that fuses are rated In amps; If the rated value Is exceeded^ 
the filament burns out» and the circuit Is de^energlzed* 

The fuse Is rated at 15 amps* Will this circuit remain operative? 

a. yes 




no 



24* Ohe of the most coitHnon reasons for a fuse to blow In a parallel 
circuit Is excessive current caused by adding too many load^ 
devices* 

Addjng additional ioadc In parallel causes 1^ to 



I ncreas€^i£^crease 



Uncreas^ 



S3 
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25* Check the probable explanations of why the fuse would blow when 
SW3 Is closed. ^ 




a* The fuse must be defective* 

b. Current will exceed the fuse rating* 

c* There are too many loads* 

d* SW3 must be defective* 



(THIS IS A TEST FRAME* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS AT THE TOP OF THE NEXT PAGE*) 
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ANSWERS - TEST FRAME 25 

b. Current wtU exceed the fuse rating. 

c. There are too many loads. 



IF ANY OF YOUR ANSWERS ARE INCORRECT . 60 BACK TO FRAME 2\ AND TAKE 
THE PROGRAMMED SEQUENCE. 



IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MY 
STUCY ANY OF THE OTHER RESOURCES LISTED, (f YOU TAKE THE PROGRESS CHECK 
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 



94 



So 



Sunmary 



Slx-ni 



SUMMARy 
LESSON i 1 1 

Variational Analysis 

A quick way to improve your understanding of how circuit quantities 
Interact ts to use variational analysts . In variational analysis, one 
value in a circuit is caused to change and the effect of this change on 
t\\ other circuit quantities Is examined* A table ts made up listing 
all measurable values in a circuit, and arrows are used to show what 
changes take place* An arrow pointing upward Indicates Increase (t) ; 
an arrow downward* decrease (+); and a horizontal arrow, no change 
('^)* Variational analysis usually starts with an assumed change In 
either voltage or resistance^ the quantities we can physically change 
in a circuit** 



Here is an example of changing the applied voltage Ir 
a circuit from 60v to t20v. 







■-60V \ 









first, show In the top square tfte value wh:ch has 
changed an^ whether It Increases or decreases; then 
mark in arrows which show how the remaining values 
are affected* You neod not work out values niess 
you are uncertain of the answer; you should be able 
to fill ^n the blanks from your knowledge of Ohm's 
Law and circuit rules* 







It 


t 




J 


pt 


! 1 








T \ 


^R3 




\\ 












Rl 




R2 




it3 





86 



95 



Six-nt 



Another change could be the addition of another branch to the circuit; 

here Is m analysis of such a change: 

' Add 
R4 




A third change we could make Is to vary one of the resistance values 
In an existing circuit. Suppose that the resistance of R3^ in the cir- 
cuit belcw Is changed from 60 ohms to 200 ohms* For this example^ 
you ftll In the boxes* 



?5V 



'I 

'20fi ^25^1 <tMO> 





R3 


It 
















hz 




^R3 
















Rl 




R2 




R3 

1— -I. 





87 



Suim^ry 
Answer: 
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4R3 


It 


t 


Rt 






t 






R2 








*^R1 








^R3 




Rl 




R2 




R3 





AT THIS POINT YOU TAKE THE LESSON PROGRtSS CHECK» OR YOU MAY STUDY 
THE LESSON NARRATIVE; OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU TAKE 
THE PROG'^ESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE 
NEXT LESiOH. IF NOT» SELECT ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN 
ANSWER ALL THE QUESTIONS CCRRECTIY. 
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HODULE ^itX 
LESSON t V 

Troubteshootlng Parallel Circuits 



Study Boole let 
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Overview Stx-IV 

OVERVtEW' 
LESSON tV ^ 

Troubleshooting Parallel Ctrcutts 

In this lesson* you wttl study and" learn about the following: 

-shorts 
-opens 

-practical experiments in troubleshooti 

Each of the above topics v:U\ be discussed in the order listed. As 
you proceed through this lesson, observe and follow directions care- 
fully. 

BEFORE YOU START THtS LESSON, PREVIEW THE LIST 0, STUDY RESOURCES 
ON THE NEXT PAGE. 



91 

100 



t 

study Resources 



LIST OF STUDY RESOURCES 
LESSON tV 

Troubleshoottng ParalleJ Circuits 

To learn the tr^tertal in this lesson^ you have the option of choosing^ 
according to your experience and preferences, any or all of the follow! 

STUDY BOOKLET:' 

Lesson flarratlve 
Lesson Summary 

ENRICHMENT HATE'*:AL: 

NAVPERS 93^D0a-la "Bdsic Etectricity, Direct Current." 

Fundamentais of Electronics . Bureau of Naval Per50rtr.5*. 
Wasblfrgton, D.C.: b.S. Government Printing Office, 1965. 

YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED mm. YOU HAY 
TAKE THE PRDGRESS CHECK AT ANY TIHE. " . 



I 
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Narrative 



NARRATIVE 

LESSON IV ^ 

Troubleshooting Para llel Circuits 



Do all of the following experiinents as you go throc>gh th\:* 
narrative* 



Experiment #1 - Voltage 



K Using Practtce Board o^l and one dry eel!, construct 
the following cl rcult; T* 




2. Set up multimeter as voltmeter. 
3* Close swi tch* 

4* Measure voltage across the terminals of the source* 

5* Measure voltage across the branch with DSl ^ between 

T2 and T7* E^ • 

6* Measure voltage across the branch with 0S2 > between 

II and T6* E^ = 



Vou have observed that the voltage drop across each parallel branch 
IS| for all practical purposes* equal to the applied voltage* In 
a parallel clrcu't* voltage Is common to all branches.* 



Experttnent #2 - Current 



1* Using Practice Board 0*1 set up as for experiment 
1»" connect multimeter as ammeter In series with 



OSt* 

2* cTose switch*^ 

3* Record current In branch 1* 



/f* Open switch* 

5* Connect ammeter In series 

. with 0S2 * 

6* Close switch* 
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Narrative Six-IV 
7* Record current In branch 2* 



d. 0|>en switch. 

9* Compute total current by adding branch curr;.nts. 

't " . 

10. Now prove your answer in No. 9 Is true by connecting 
ammeter between Hand T2^ -o read total current- 

11. Close switch. ^f — (g) — ^ 

12. Record ammeter reading. 
I 



"T 



13. Open switch. 



This experiment proves visually to you that the sui^i of the branch 
currents equals total current. Vou can also see this by doing 
another experiment. 



Experiment #3 



1. With Practice Board 0^1 set as In e>fperjmerit #2» con^ 
nect ammeter to measure total current. 

2. Close swItcJi* 

3. Unscrew bulb In. branch 2. Does bulb in branch I go 

out? Does bulb tn branch I get dimmer 

or brIgRter? 

Vou have seen t^iat an open branch In a parallel circuit 
doas not affecc another branch. Current through each 
branch Is determined by the branch resistance and the 
applied voltage. 

4. Hwt tighten bulb In branch 2. Read total current 
with both bulbs drawing current. 



5* Loosen bulb In branch 1 and read total current. 



Total current has decreased* because one branch current 
has b^en subtracted from It. 

6. Tighten bulb 1» loosen bulb 2 and read total current. 

T ^ 

/• Open switch. * * 



Experiments have^^shown Vou that In parallel circuits: 

1. Voltage (s common. 

2. Branch current Is determined by branch resistance 
and applied voltage. ^ 
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3* Total current Is equal to the sum of the Individual 
branch currents^ 



Troubleshooting 

You recall from our study of series circuits that there are two ^ 
problems that can cause a malfunction In circuits. These are 
short circuits and open circuits* 



Shorts 



^ When a short occurs 'i a parallel circuit* It places a direct^ 
short across the po^.^r lines — the wire leading from the^ 
source and the wire leading back tr^ the source. 

The exception to this Is when pare of a component is shorted. 
Then we have a partial short* 

■ ■ ^ :^ 

Experiment 



Let' 



s create a direct short! 
Using Practice Board O-I and one dry cell 
the, fol lowing ciVcuIt: 



construct 



2* Close switch* ' 5 7^ 

3* Cause a* short across the lamp In branch I by placing 

a wire between terminals and TK 
A* What happens to the light In branch 17 

To the light In branch 2? 

5* What path must current be taking? Z^^^^^^Z^^^I 
6* Remove the wire causing the short* 
7*^ Opep switch. 



You observed that when a short was caused a<;ross branch l» all 
circuit current followed the path through the short* We sW ^ 
that current fol lows the path of, least resistance* 

When there Is no circuit resistance, current will be v^ry ^Igh| 
because nothing. Is limiting the amount of current flow (except 
Internal sou rceVes (stance aptf-the resistance of the wire)* 
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Stx-tV 

ixotlce there !s a short across KZ 
in this schematic* Current wMl 
take the path of least reststsi. ce — 
all circuit current will go through 



exceed the fuse rating. The fuse will bloy, and current will stop. 

If there were no fuse, tbe wires would become overheateo and catch 
fire, thus a short could cause an open. 
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If the conductor opened at point 

then ^and R3^ couJd resume 
normal operation, with branch 
resistance controlling branch 
current. 



if, however, the wire overheated 
and opened at point Z, all current 
in the network would stop. This 
Is a maln'^Hne open which we w:1 1 
discuss shortly. 



Branch Opens 



Branch one In the following parallel network has a burned out 
reslstof. Thls^causes o ne branch of the network to be open/ 

This open does not affect 
branch Z or 3* It will, how- 
ever, cause total current to 
^ decrease to ^a, because there 

_ Is no current ttjrough R1 , 

Jo So — 

Total resistance was lOQ, but with Rl out of the picture, total 
resistance increases to I5J^. 




if an open occurred as shown In the schematic above: 



I J would 
would 
Pj would 



( increase/ decrease) 



Tim 



crease/decrease 



T 



(Increase/decrease) 



\j would decrease; would increase; would decrease. 
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Recalling atl you have learned about shorts and opr^ns In 
parallel networks^ practice these problems^ then check 
your answers against the correct answers. Be sure to ^ 
study the schematics carefully* 

t. Which branch or branches wMt be knocked out of the 
circuit by the problem observable in the schematic? 



(aX- 



(b) 




2. Compare these quantities to a normal circuit condition. 
Will they Increase, decrease, or retitatn the same? 

1^ 




Check answers on next page< 



97 



106 



Narrative 



SIx-IV 



ANSWERS: 

1. (a) R2 

(b) Rl,, ft2 and ^ 

2* No doubt you caught the open (Rj) In the circuit and 
also noticed that the third leg of the network has a 
shorted resistor In It. Therefore* It Is a direct short. 
All current will flow through the short* bypassing the 
other two branches. Therefore: 

ij Increase 

tlj. decrease 

When current exceeds fuse rating fuse will blow and 
then everything will stop. 

Expertment #5 



Locating Shorts With a Meter 

I. Construct a parallel circuit on Practice Board 0-1 



according to the scheniatlc. 

2. Leave switch open* 

3. Connect a wire across DS2 
between T3 and T6* 




This creates a short In branch 2 of the network* 
Assuming we do not know where the short ls» let's 
hunt for It* We wMI do this by systematlcalty 
checking each branch of the circuit. 

4. Take a visual check looking for signs of overheating* 
such as charred parts or smoke damage* If the visual 
check does not locate the problem* then set up the 
ohmmeter. 

5* Because a parallel circuit has niore than one path for 
current flow* It Is difficult to locate a ^hcrt unless 
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we check each branch systematically. Operating a c1 r^ 
cult with a short in It may cause considerable damage 
to good components^ so most troubleshooting should be 
done with an ohmmeter. Let's begin by making sure the 
circuit has no voltage across the branches^ then connect- 
ing the ohnmeter across the loads. For this circuit, 
, clip the test leads to points T2 and T7. 

What Is the ohnmeter reading? 

m 

6. Place probes across T2^ and T7^. You measure 0 but 
you know that there should be some resistance in t' 3 
Uulb. 

7* Disconnect the wire from D S_1 to T2* 

8* Measure across T2^ and TT^agatn* You still get a 0 

reading ln<'(cating the circuit still Is shorted; there- 
fore, the trouble does not occur In this branch* 
9* Reconnect DSl ^ disconnect DS2 and the wire shorting It, 
10* Measure across PSL The meter reads some resistance. 
Indicating that the short has been Isolated. You have 
located the short as being In branch 2* 
II* Now the problem can be corrected and the circuit re- 
stored to normal . 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED* IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL 
AND ARE READY TO TAKE THE MODULE TEST.. SEE YOUR CUSSROOM SUPERVISOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOU 
MISS£D ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU WISH 
UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS CORRECTLY* 
THEN SEE YOUR CUSSROOM SUPERVISOR AND ASK TO TAKE THE MODULE TEST* 
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SUMMARY 
LESSON IV , 

Troubleshooting Parallel Circuits 

Short circuits and open circuits are tie sources of trouble in 
parallel circuits Just i-js they were In series circuits. A direct 
short In a parallel circuit will bypass the current around all 
the branches, for current always follows the path of least resis- 
tance. The direct short will cause Very high current flow which 
win cause the Internal resistance of the source to drop all of the 
source voltage. If the circuit Is not protected by fuses, |he 
source or wiring will soon be damaged. 

Short circuits In parallel circuits are usually located with an 
ohmmeter, If fire and^snoke do not show the source of the trouble 
first. The procedure used Is to connect the ohmmeter across the 
de-energlzed circuit, then disconnect the branches, one at a time, 
until the short (u) reading disappears. The defect In that 
branch can then ba corrected and the circuit restored to operation. 

Open circuits may affect all or any part of a parallel circuit; 
that Is, one branch may open or the entire circuit may be opened. 
In the diagram below, the open In branch I affects only three 
factors tn the circuit, I,, and Rj. If the open occurs at the 
point marked X, however, 1^ drops to 0 and the entire circuit !s dead- 




Open circuits may be found using an ohmmeter and disconnecting 
branches again — this time you must watch for a branch which does 
not cause a change In the resrstance -reading. 

The narrative for this le$rion contains a variety of experiments 
which you should perform If you have not previously worked with 
circuits. 

AT TtWS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, 60 TO THE NEXT LESSON. IF 
NOT, STUDY ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY. 
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